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PHUGNG PHAP PHAN TU' HU'U HAN
CHO DAM TIMOSHENKO CHIU TAI TRONG DI DONG

THE FINITE ELEMENT METHOD (FEM) FOR TIMOSHENKO BEAM UNDER MOVING LOAD

TOM TAT

Bai béo trinh bay phuong phap phan t& hitu han (PTHH) trong dd xay dung
¢dng thiic PTHH v6i ba chuyén vi niit cho ddm Timoshenko chiu tdi trong di dong.
Két qua tinh dua ra dugc (ing xir ddng hoc clia dam chiu tai trong diéu hoa di
ddng, trong d6 ¢6 so sanh véi ddm Bernoulli. Nghién ctu dém Timoshenko bang
phuong phap PTHH d ¢ nhiéu téc gid quan tam nghién ciiu, tuy nhién diém
khac biét clia bai bdo 1a & cach xay dung cong thiic PTHH truc tiép tif nguyén ly
nang lugng cuc tiéu véi cach Iva chon ham dang dua trén dac diém cla dam.
Thuat toan so st dung trong phan tinh dua trén phuoeng phdp gia toc trung binh
trong ho cac phuong phép Newmark.

Tir khéa: Ddm Timoshenko, tdi trong ddng, phuong phdp phdn ti hitu han
(FEM).

ABSTRACT

The article presents the finite element method (FEM) which builds the
element formula FEM for Timmoshenko beam under moving harmonic load with
three nodal displacement. The calculated results show dynamic behavior of
beam under action of a moving harmonic load, which are compared with
Bernoulli beams. The finite element method for Timmoshenko beam have been
investigated by many authors, however the difference is the construction of FEM
formula directly from the principle of minimum energy with choice shape
functions based on characteristics of beam. Numerical algorithm using to
calculate based on Newmark's method.
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1.MGPAU

Trong ky thuat hién nay cac chi tiét may, két cau dang
khung - dam thudng dua trén gia thuyét ctia Euler- Bernoulli
béi tinh don gian, dé tinh toan do bé qua bién dang truot
[2,7,9]. Tuy nhién trong thuc té vai cac loai dam c6 dé day
tuong déi hoac bién dang I6n thi gid thuyét nay khong con
phu hgp, dé dam béo tinh chinh xac thudng phai dung gia
thuyét Timoshenko. Ly thuyét dam Timoshenko gan vdi thuc
té hon va c6 thé xem 1a m& réng cla ly thuyét Bernoulli khi
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6 tinh tdi bién dang truot [5,6]. Phuong phap phan ti hiu
han (PTHH) la mét trong nhitng phuong phap s6 dugc s
dung phé bién va c6 dé tin cdy cao [1,3,4]. Ly thuyét dam
Timoshenko da dugc nhiéu nha khoa hoc quan tam nghién
cliu bang ca giai tich va phuong phap sé nhu PTHH véi nhiéu
dang bai toan khac nhau [6], song cac két qua tinh toan phu
thudc vao viéc xay dung céng thic PTHH va chon cac ham
dang phu hgp. Trong thuc té cac két cdu dam thudng chiu
céc tai trong di ddéng nhu cac két cau cau, dudng ray dudi tac
dong clia cac phuong tién giao thong. Bai bao st dung
phuong phdp PTHH véi ba chuyén vi nut cho dam
Timoshenko dudi tac dung cua tai trong di dong diéu hoa.
Cac ma tran d6 cing dugc xdy dung truc tiép dua trén
nguyén ly nang luong cuc tiéu ti phiém ham nang lugng
thiét 1ap dugc qua chuyén vi nat va cac ham dang duoc lua
chon véi dac trung clia dam Timoshenko.
2. XAY DUNG CONG THUC PHAN TU HUU HAN

Ly thuyét dam Timoshenko c6 xuat hién cta bién dang
truot dua trén gid thuyét thiét dién ngang phang sau bién
dang van phang nhung khéng con truc giao véi 1&p trung
hoa, bién dang doc truc va bién dang trugt cho bai [5]:
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Hinh 1. M6 hinh dam Timoshenko va dam Bernoulli
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Cac thanh phan (ng suét theo dinh luat Hic dugc xac
dinh béi:

o, =Ec,, t=1G(0-29) 2)
OX
Ham nang lugng bién dang:
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Thay (1), (2) vao biéu thic nang lugng bién dang (3) thu
dugc:
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Trong d6, |= j 22dz,A=bh,dV = Adx, k: hé s8 diéu
—hr2
chinh cho @6 vénh cla thiét dién ngang, véi mat cat hinh
ch(r nhat theo tai liéu [2] thi k = 5/6.
N&i suy cac chuyén vi cia ddm qua cac chuyén vi nat d:
u=N,d o©=N,d 0=N,d 6)

dat vao biéu thic ndng lugng (5) thu duoc
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Gid st dam chiu tac déong cla tai trong diéu hoa
F =PcosQt chuyén déng vdi van téc v trén dam.

St dung nguyén ly nang lugng cuc tiéu dan dén
phuong trinh can béng gita cdng clia ndi luc vai cdng cla
ngoai luc va luc quan tinh trén chuyén dich kha di déng
hoc thu dugc phuong trinh phan ti hitu han

Md+Kd =PcosQtN| (8)

Trong d6, M la ma tran khéi lugng
p la mat d6 khai lugng.

L
M= j PAN"Ndx (9)
0
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K 1a ma tran dé cing phan t

K=K, +K, (10)
Véi
L L
K, = J.EANI,XNu,de+J‘EINg,XN9'de (11)
0 0
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Ks, K c6 thé goi 1a ma tran d6 cliing udn, do cling trugt
tuong Ung clia phan tu.

Do u, w, 6 déc 1ap trong ly thuyét dam Timoshenko nén
vé ly thuyét cé thé sit dung ham dang ndi suy tuyén tinh
cho céc chuyén vi nat nay. Tuy nhién dé tranh hién tuong
nghén trugt, ngoai ra theo (1) gilta chuyén vi ngang va géc
quay van c6 anh hudng lan nhau nén c6 thé sit dung ham
dang tuyén tinh cho chuyén vi doc truc u va goéc quay 6,
ham dang Kosmatka [6] chira tham sé bién dang trugt ¢
cho chuyén vi ngang w:
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Pat cadc ham dang trong (12) vao (11) thu dugc cac ma
tran do6 cing clia phan t& dam Timoshenko.
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3. AP DUNG VA SO SANH

SU dung céac cong thuc phan td bao gbm ma tran do
cling, ma tran khai lugng, vécta luc nat da xdy dung dugc &
trén dé phan tich Ung x déng hoc cho mé hinh dam
Timoshenko chiu tai trong di ddng trong doé cé so sanh véi
dam Bernoulli. Thuat toan sé st dung trong phan tinh nay
dua trén phuong phép gia téc trung binh trong ho cac
phuong phap Newmark [3] véi budc thai gian ddm bao thuat
toan 8n dinh théa man At < 2/Wmaw Wmax 12 tAn s6 riéng 16n
nhat. Chuong trinh tinh dugc viét trén phan mém Matlab.

Dam Bernoulli chiju tai trong di dong vai 3 chuyén vi nat
thi ma tran dé cing, ma tran khéi lugng dugc két hgp tu
phan t& dam Bernoulli 2 nat va phan t& thanh dugc cho
dudi dang [3]:
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M6 hinh dam Timoshenko chiu tai trong diéu hoa di
dong vai van téc v (hinh 2): F=Pcos(Qt). Dam thép cé

chiéu dai L = 20m, mat cdt ngang h = 2b = 0,2m,
E=2.10""N/m?, G=8.10""N/m? k = 5/6, P = 5000N.

Cac két qua tinh toan mé hinh dam Timoshenko va so
sanh véi dam Bernoulli dugc thé hién trén cac hinh 3,4, 5,6
cho thdy anh huéng clia van tSc tai trong, tan sé luc kich
doéng dén Ung xir ddng hoc clia dam. Két qua so sanh vdi
mo hinh dam Bernoulli khi tan s6 luc kich déng nhé thi tng
xt @6ng hoc ctia hai mé hinh dam khéng khac nhau nhiéu,
tuy nhién khi tang tan s6 luc kich dong thi Ging xr d6ng hoc
clia hai mo hinh khac nhau ré rét. Nhu vay viéc st dung mo
hinh dam nao tuy thudc vao tiing bai toan cu thé nhu bai
toan dao déng, tai trong di déng cé tan sé luc kich déng
nhd cé thé st dung mé hinh dam Bernoulli, khi luc kich
déng cé tan sé I6n thi can phai tinh t3i bién dang trugt nén
mé hinh dam Timoshenko sé phu hgp hon.
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Hinh 2. Md hinh dam chiu ti trong di dong

Ung xu dong hoc cua dam: 2 =20(rad/s)
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Dam Bernoulli: €2 =20(rad/s)
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Hinh 3. So sanh (ing x{ d@ong hoc ddm Timoshenko va dam Bernoulli trong
trudng hgp O =20 (rad/s)
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Ung xu dong hoc cua dam: $2 =40(rad/s)
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Hinh 4. So sanh (ing x(t ddng hoc dam Timoshenko va dam Bernoulli trong
truding hgp Q = 40 (rad/s)

=102 Ung 'xu dong hoc cu’a dam: 2 =60(r§d/s)
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Hinh 5. So sanh (ing x&t dong hoc dam Timoshenko va dam Bernoulli trong
trudng hop Q = 60 (rad/s)
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Ung xu dong hoc cua dam: v=40(m/s)

axis beam
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Hinh 6. So sanh ting x& ddng hoc ddm Timoshenko khi tan s6 luc kich dong
thay ddi
4, KET LUAN

Bai bao da thiét lap dugc cong thdc phan ti hiu han
cho dam Timoshenko dugi tac déng clia tai trong di dong
diéu hoa. V&i cach xay dung riéng d6 1a dua vao dac diém
ctia ddm dé chon ham dang cho tliing loai chuyén vi trong
dé ¢ tinh t6i bién dang truot. Xay dung dugc chuong trinh
s6 dua trén cdng thiic PTHH da thiét 1ap duoc va thuat toan
s6 bdng ngdn ngt Matlab d@é phan tich ng x déng hoc
cta dam chiu tai trong di déng. Cac két qua tinh toan cho
thay so v&i dam Bernoulli thi (ng x(r déng hoc kha giéng
nhau khi tan sé kich déng clia tai trong nhé va khéac nhau
ré rét khi luc kich déng c6 tan s6 16n hon do anh huéng cua
bién dang trugt bén trong. Nhu vay, ti cac két qua nhan
dugc da c6 thém moét céng cu tinh toan s6 hiéu qua cho
dam va két qua so sanh c6 thé giup ich cho viéc lua chon
mé hinh dam thich hgp véi tiing bai toan thuc té.

TAI LIEU THAM KHAO

[1]. T.J.R. Hughes, 2000. The finite element method. Linear static and dynamic
finite element analysis. Dover publication, Inc,, Mineola.

[2]. L.H. Shames and C.L. Dym, 1985. Energy and finite element methods in
structural mechanics. McGraw-Hill, New York.

[3]. Daryl L. Logan, 2007. A first course in the Element Finite Method, 4™
Edition, Thomson Canada Limited.

[4]. Y.W. Kwon and H. Bang, 2000. finite element method using Matlab. CRC
Press, New York, 2nd edition.

[5]. D. C. Pham, 2013. Essential solid mechanics. Institute of Mechanics, Hanoi.

[6]. Kosmatka. J.B., 1995. An improved two-node finite element for stability
and natural frequencies of axial-loaded Timoshenko beams, Computers and
Structures. 57, pp. 141-149.

[7]. Nguyen Dinh Kien, Tran Thanh Hai (2006). Dynamic analysis of
prestressed Bernoulli beams resting on two-parameter foundation under moving
harmonic load. Vietnam Journal of Mechanics, 28, pp. 176-188.

[8]. M. S_im_sek, T. Kocat_urk, D. Akba_s, 2012. Dynamic behavior of an
axially functionally graded beam under action of a moving harmonic load.
Composite Structures, 94, pp. 2358-2364.

[9]. K. Rajabi, M.H. Kargarnovin, M. Gharini, 2013. Dynamic analysis of a
functionally graded simply supported Euler_Bernoulli beam subjected to a moving
oscillator. Acta Mechanica, 224, pp. 425-446.





